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(54) SEMICONDUCTOR LASER AND COATING FILM FOR OPTICAL COMPONENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a semiconductor laser which emits a plurality of laser 
beams, having different oscillation wavelengths and on the end face of which coating films which 
do not change much in reflectance are formed, and a coating film for optical components 
provided on the surface of optical parts which transmits a plurality of light beams having 
different wavelengths. 

SOLUTION: A semiconductor laser has a plurality of active layers 3a and 3b and emits a plurality 
of laser beam, having different oscillation wavelengths. The laser also has coating films 8, 9a, and 
9b, the optical film thickness of which are controlled so that their reflectances become extremal 
values with respect to the plurality of laser beams. Among a number 0) of the coating films, a 
number (k) of oscillation wavelengths an oscillation wavelength Xi (i is a natural number up to kX 
a refractive index nij of a j-th coating film at X\, and a film thickness di of the j-th coating film, 
the relation ZnijaJ/Xj=nru/4 (mj is an integer) is established. A coating film for optical parts have 
similar characteristics to those of the coating films. 
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m l " m 2 #«»©»££«:» ^SjSSAj , A 2 t«- 

SgS&fiAj , A 2 ©-#£*} LTS*M£# 

[0038] B-©aMR±t«iai*nfctWR©u— yy 

-f*-H©*JB«*#±B© (4) ~ (6) ©h«** 
if^*-F©igBj©sa^£®tei: 

±t" 3 3 i: #T 1 3 o U -im tf- ft 

*«©«*£*>■*# A.j = 7 8 Onm, A 2 =8 4 0n 



Mffd 9b *s5 0nmTfeS2^@©g|a^9 
b#ff2#c;*ftTUa. Ztlt><Dmm<*.m8, 9 a, 9 b 

tt«*.«;*>ty* y >**©#»£ * t)jawsn*. * 

(Wt8*J:vyr(|IHS©B«(«Ji9a N 9b©I»gtt^ 
Tftfc, I/— tf^^--KA, B©3H6*Sfc:*tt4£ 

[0 0 3 5] **J»B3»®iM»»u-tfffl7 D > hSg® 

(a) C^f, St«^8*sfM^tife7D>h 
JgBfc&W-Ss i£ft£Sit^©B|^£02 (b) £^ 
H2tt, U-1f^*-FA (^BfiftfiA! =6 5 
Onm) ©#«#g©fi#f*£3. 4 5, u— jfy-f^- 
FB (3§^$fclA 2 = 7 8 Onm) ©&3E§g©fl#f5££ 
3. 5 9kUTlt»ftfTo&je*T?ife4. 
[0 0 3 6] l,-i?m—y A = 65 

Onm) fcov>T«U lIu&Lfc (1) 5$* 6* S§tt#$| 
8©jg|JPdg #2 0 0. 6nm:fc«fctf^©{£&©t§£ 

FB mm^m.X 2 = 7 8 0 nm) K-o<^T«:ig«#:jB| 
8©M^g#2 4 0. 7nm43<t^©fg|R©i:?tS 
tWtffii^fc&a. 02 (a) fc^-r«k-5fc, gimttm 
8©1KJP^«{J1 2 0 Onmtrbfett, 2o©*ig« 
S©Mlr«ts{Sffio-f^AJ2^i:3a:s. i©tt©«g 
^S*f*t©M«^02 (b) t^tfe. 02 (b) fc 
^^-i-5t: % i/— VMjt—YA* B©v%rn©«S* 
«C*t^T*fi«**«tt*i:fts. L&isot, M^© 

[0 0 3 7] cidT-s ±B©»1S««A 1 , A 2 *J:w 

ni J4 A! *J;^A 2 fc*tt«Al 2 O 
3 ©S*f^T-$.S. 



(mj 

(m 2 l±S») 



(4) 
(5) 



(6) 



m©«£- s fes^ttAi =8 4 Onm, A 2 =9 8 On 
m©«i|-fc£fcfc % ^«©3»**J|§^^ S . 
[0 0 3 9] 3oj^±©M35tSI6S«ft©u— if 

(4) ~ (6) ©K«^?tfe*«, 

»t»»fc*V^T» I§«ttl8£8©jByP;&si 2 0 Onm© 
^IST-$.5^fc* Aj , A 2 ©M^T-S^AS«gAi: 

©*t A^ «t *) &mtt ^| i:*5©&|»±1-3c 



(6) 
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[0040] (mmnm 2 ) ±m<ommm 1 <D*m#. 

Rl«6i:^2>. *fl6Jfcm©Al 2 0 3 £*>*T, «*tt 
T i 0 2 (?S«6 5 0 nmC*ltSIJr$n 3a = 

2 . 4 5 7, ifcft7 8 0 nmiC*5^2)S*f^n3b= 2 . 

3 6) ^m^tzm-^(Dmn^.m8commts.mm^(Dm 

£fc£0 3 (a) csvr. 

[o o 4 i] fflaife (i) aj:H*fcttJW»6. u- 

If^*— HA (l&g&SA.! = 6 5 0nm) KoV\T 
figim#JI8©gy*d 8 #1 3 2. 3 nm£ZV-Z<D{g 

n 3a* d 8 = m l / 4 

n 3b' d 8 / A 2 = m 2 / 4 
=a (A 2 -A-i ) *>o 

£ A/4©gtfcfgi::&o-tt>*vttU KftM£©£t&£195it 

So 

[0 0 44] (nsEff$® 3)01 t^'-rsoB&a 1 ©* 

a. 9 b©JRJf h®»2£i:©W«&0 4 (a) 

Stli{*ffil9a. Gb^fiS^^fcUTSffifflkiov^ 
t, &ftfcH*M£t©!H^£04 (b) tr^-r. S3a>b 
fc«fc5fc> lBB©S§«teK9afiAl 2 0 3 (B#t^ 
ni =1. 6 2) mm\tl 1 OOnmtfe 

2.. 2Jf @©S§«W8l9bttT*;i/7 7;^>U:3> m 
Jr^n 2 =3. 2 5)4>^t)>ifftt5 0nmf* 

■So 

[0045] mMfcwmzte^xmi&vtz&^iz, im 

@©A1 2 0 3 ffilCoUTtiU ftffi.$LMXi = 6 5 0 n 

Snij • dj /Ai =mi /4 
(fiU nijliH^ftAi CfcttS jlf E©f§Si*K 
©HWStU dj li jJil§©g§«ttBI©&IP&* 

-r. ) 

ife. SuxEbfc (6) ^©M^t)JER»)iLoTV\i,. 
[0 048] 'J 7SgB©i§S&®l£±i3©#iE££: bfe« 
-&£ov>T> j£fti:KW*i:©H&£04 (b) t^b 
fe. 04 (b) CijVrJ:-5£, b— tP^-f^-HA, B 

■i^r— K A> B©p^tr^bT7 0%ti±©SSbfeS 
[0 0 4 9] (IHfl8y&!§4) SgDSCfl2J?£-fS:3-M8l£ 
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HB (38mifcRA 2 = 7 8 0nm) £oV"*Ttt^«fWS 
8©Bl^d 8 #16 5. 3 nm:fc«fctf^ ©{£!&©£§£ 

[0 0 4 2] 03 (a) Cfxti^^ g§S<*M8©JK 
f$IJS6 6 1nml:bfei:l« 2 o©&ffi$[ft©gfc 

t©H&£0 3 (b) fc^bfco 0 3 (b) fc^f <fc-5 
fcr N u— KA, B©^-rft©Sg&i£ft£*>v. 

^tf- Kfc:fcM^T£t**©£i&#Wfifl2tv£>. 
[004 3] *5fi^ 1 © 

(4) ~ (6) &iz7n-?meh&mzzti-c^2>. 

( mi ttSSO • • • (4' ) 

(m 2 \zmm • • • (5' ) 

A 2 =b (A 2 -Ai ) 

... (6) 

m\ZttisTffiMd9 a ifi2 0 0. 6 nm:fc«fcU : -£©fg8c© 
ittM^tfl^k*^ $SJSi£*A 2 = 7 8 0nm 
CMbTMJ?d 9b *s2 4 0. 7 nm*5<fctf J £ ©{§&©*: 

#*§£*VSffitJ5£ti:{f«4 0 nm©i«!), Po#©SS 

[0 0 4 6] #HJS?fcJiH«fc*xi£> ie§©^s 
#BI9a©KJP£l 1 OOnrnttSittJ;!), 
^*Ax , A 2 ©**v^ft£»bTSf**A s J3M'.h£ 
2o©^S&ft©M£«fcS{£ffl©Tft#2 7rfcjE 
2Sg©T^E;i'7rX^U^>BI9b 
fco^TBu (3) 5£K^bfcJ;-5£x #6fitftftAi= 
6 5 0 nmCMLTS^tf 5 0 . 0 n m© i: § 
#fii*i:&S. RI«*W-||C*>6*lB«fiA2 =7 

8 0nmt:Ml/t8;> HftfBO. 0nmOi:ll:Ri 

[0 0 4 7 ] HTn *^Jtff^©®^rCli, tlTCS* 
■TBI^A! 45«tVA 2 (i= 1 Sfcli2) tolM, 

(mi »iEIS) • • • (7) 
K©^»* 1 ® S©SI«^©Mff<t t) < ^ i: 
fe-CSS.0M.HU 1I1CA1 2 0 3 MS1KP1 1 0 
nmt% 2ISt:7 : E;b7 7^i/ , ;3>liSKS5 4 0 

(a) fcTjs-To 0 5 (a) ^ti^Cv SI«*M9 

SS^ftAi =6 5 0 nm, MfiA 2 = 7 8 0 nm 
©j^^t» bTSW*4«fS^i: Z. tifiX § 5. 
[0 0 5 0] By&bfe (2) 5£©«fc-5Cx 1JIB©^S 
MR (Al 2 0 3 m) 9aCoV\tli> ^iSftA! = 
6 5 OnmlcWbtlStfl 0 0. 3 nm*5J;i^£©{S 

SKSA 2 = 7 8 0nmi:»Uttt, 11*12 0. 4 



(7) 



Printed by JPGaz 



1 2 0 3 m9a.®mm*l lOnmm^ttit), 
»fi**Al \ A 2 ©W*C»UTSW*4*a/J>«BE« 

[0 0 5 1]£*,fc; N 2jfg©g|m#jgt (7^7 77 
S/U3>K) 9bK^tlt (3) Sfc^Lfcid 
£> S&S&SAx = 6 5 0nmfcWLtlS*!5 0. 0 

fe> l5]«&tfJfi>£#gffijg[SA2 = 7 8 Onmfc^ftT 
£uRJP#6 0. 0 n mis «fc£J^£©^gt{g© 

5 4 0nmi:-r5itt:j;»3, 2o©^««©^t < fc 

[0052] 7mwa>m*im*±&<Dmmt. Ltzm 

&\z^t, &&tBiMmii<Dmm*m5 (b) fc^b 
fe. E5 (b) t:^T«t-5tc:, b-1f^;t- h* A, B 

•ftf— KA, B©iB7j£*fbT7 0%tl±©S^bfcS 

[0 0 5 3] #3Sififla|gfc: .fcfitf, y 7iSnSfc^£ft 
5^fiifcffil9a N 9bOlfO^H-*!6 5 0nmJ:4 

?k mmmzom^oi 1 5 onmtjtRbT^afi 

B#FtS SSi^-r 5 d t Rlf gT-fe 3 . 
[0 0 5 4] (*Jfi»»5) ±E©3dWB»3©»;7'* 

tt9bfc«at4Mfc©*SW&fcfl§v%3fc x ftttttJKfcff 
KfbrscfctfiirfBfc&s. SISISJ&JS3©lgB©^s 
ttK (Al 2 0 3 Jg) 9afci»^ «i«Ti0 2 A 
*W (*«6 5 0 nmfc*W-*B$r* n4a = 2.33 
7, «ft7 8 0nmfc*0-4JH»f*n4 b =2. 3 16) 
*«V\ IIS7 6 0nmJ:Lfe. 2jfB©g|m 
fl*9 blir^;u7 r*i/ya> (JS#f*n 2 =3.2 
5) fr£&Sig|/P5 5nm©jfi:bfe e C©«-gr©g|« 
**9i, 9b©MI?i:SiJ*i:©gi^^0 6 (a) \z 

[0055] mm^tz (i) *ktom*im*t>> u- 

ify-T^-KA (MBttftA! = 6 5 0nm) fcoUT 
«1J1S©KS*M (Ti0 2 H) 9a©J^d 9a *si 
3 9.1 nmtsX.V*<DffiR<Dii%tlEMt*ltii*b%: 
5. U-tf*y*-KB (^iSSSA 2 = 7 8 0 

nm) Ko^TttTiOg «9a©JWPd 9a ii«16 8. 

6 (a) kr^f idt, Ti0 2 M9a©Mp^|jff7 
6 0nmtLfei:|, &SU£&Ai % A 2 <D*ti?tiiz 
**UTfi»*A»««tt^k3&:6, 2o©*JS«s©^t 
<fc 5{£ffi©-fn*5 2 7T % ft. 



[0056] 21i07t;i/77Xi/ij3>K 
flbt-suttt, (3) Sfcjjsbfc.fc-Sfc, Sgg&ftA 
1 =6 5 0nm{zMLXmmd 9h ifi5 0. 0nm©^§ 

A 2 =7 8 Onmfc^bTIi, ]g|^d 9b #6 0. Onm 

b©$UPd 9 t,£5 5 nmt U 9 a, 9b©JKJP©-&ff 
5:8 15nmmiJ:CJ:»), ^ffi&JtAj % A 2 © 

[ o o 5 7 ] >; rmmonmimtimammt: Lfea 
&iz^x, Mhrnmrnbomm^Q (b) t^b 

fc. 06 (b) Cgvr<fc-5fc:> W-tf^-f *-KA % B 

So 

[0 0 5 8] ***»&»©»££*., %MU£ffi 1 © 
(6) **J:VSaB&»3© (7) SCfc^-TK^tfgffe 

ttffll*©^fr6;i/4©SEftfflffcfeoT^ 

SiB«t«knii, ^Jfi^® 3 fcittt bTSIS^M 9 a, 
9b©RJp©^tf^^<^- Sii:AJT . ?2(o bfe#o 

kkfib *mmt * i * rtibt* *. 
[0059] (graft 6 ) imcommm 1 ~ 5 tc* 

J; t,Tg|gT«fc 3. 05 
*tt» mtmm3iZm'tAl2 0 3 It7€^77^i/ 
y = >Ki:S*»**3!tBt«Ji8fc*V^T, Al 2 0 3 m 
©M^S^Mbfe^J^07 (a) (b ) 
M7 (a) fiA 1 2 0 3 mvmmit 10 10 nmt bfe 
i^O«li:Slt*tO|II5iU 0 7 (b) «A1 
2 O3 K©KJP*9 6 0nmtbfc«^©^i:Sit$ 
i:©H&£^-r. 0 7 (a) (b) \ZSs^t\ZU 

Ttii>, — 7j©^SMST->'>n— h©«BS*f*t<5 
«^bl^3 0%^i:^?), ft*©*fi*ilT? 5 0 %tl± 

[ooeo] ®m<DBimmz$.ftzitrzm^ 

* t ft b fe»tt 1 2. i h *s Pit g % s . ^J^l « % 
, JTffi®©,gftf^S^<1-St, J;0^<o^7D> 

<1-i»i:, Rt)3fcfc«tSiB7J©^i6*siUft!l^tvSfe«», 



(8) 
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[0 0 6 D *&w<D¥m<£i'— wmMftZMit. ±ib 

tli6 5Onm0i:7 8O nm^<DM<Dm^t>^:<D 
Si8}®n-hft, a»©«r«©«fiffl**j83i'rs* ! 9 t » 

ua^ggffl-es tt^©SEH**wiB"^**. 

[0 0 6 2] 

ji© *> «s© i/ — »f * ft maratB-c * « u - 
-tfcisv^-t, ?s^^a©ss@©sl^¥©^■^)ft#^^s | Jb^ & 

©«fS©*ft©3teftaii"r***»»fc*''%-r, sa© 
sw*©^i&ft« I $ , Jb, xBcRS^oswft^FSfcfr 

[iaiii©ii*feBHB] 

[El] (a) l4f^*J:tf#fMB©*E^JBl~6fc 
Sf©*HJUB"C* !K (b) tt»JtB-r*± 

[0 2] *&W<DmB$3tm 1C^5, (a) tMMWfcl/ 



— tf©7D> H8BCJ^j«S*iSR*(WR©BWl:Slt 
*fc©K«ftn%-ria, (b) teifcfti:£»*i:©M&ft 

[0 3] *»W©*8H&B 2 CfR !K (a) l±**»l/ 

*fc©H«ftw1-BU (b) »ifcRi:£t**i:©W&ft 

[04] #»W©*iBeJB 3 fcffi tK (a) W 
-If© 'J Ti»ffltJBJ«*n6B«ffBl©BWi:SW*k 
©R«**tH, (b) tt^fttSiif*i:©il#ft^t- 

[0 5] **iH©*«0^«4t:«»), (a) li^SftV 
— tf © 'J T«gBt®fiE**vSSIS^K©Kff hRM&t 
©BWRSSs-TBU (b) tt«Efti:Sit*i:©il^ft^1" 

[0 6] *»W©3aBe®5K:fR»K (a) tt^ftl/ 
-tf©U r««fflt3Kjas*v*B«(*«©BWi:£Jt*i: 
©HMft^Bk (b) fc«ftfti:Kat*4:©HfR**"*' 
0T-&2>. 

[0 7] $mW<D$mMte6lZ&b* (a) 
(b) J4*«J:fi»*i:©B«**"Ma'«**« 

1-Sg x 2 a, 2b-n-i'7!'FE 3 a, 3 b- 
rSteJf, 4a, 4b-p-^7'yHI, 5a, 5b—* 
*y?m. 6 a, 6b-^h7'f^ 7— 9£%ffl$. (3fc 
8—7D> bJBH©B«#Bl» 9 a — UTSS 
B©lJfS©B«f*IJt* 9 b — «J7«IH©2JfB©B« 
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[01] 

(a) 




[03] 



! ^i(6S0nrn) 




& H (nm) 



[02] 



(a) <M«Btti) 7n>Hftgj, AfeO^-K 




R 9- (nm) 

(b) 




3t £ (nm) 
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[05] [06] 

(a) (X1SJ&S4) 'J7tt6. AbO>/7^A77 /ISi 3— h (a) (««»B5) y TiO, /Tt A- 7 *Si Z3 - h 




* £(nm) 



[07] 

(a) mmme) nm*-h. wo* /-p*>i? * zst 
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